Using IRI Infoscan data pertaining to six types of spaghetti sauces and employing an extension of the demand systems framework developed by Duffy, estimates are obtained of own-price, cross-price, and total expenditure elasticities as well as own-and crossproduct advertising elasticities. We augment the Duffy model through the use of a polynomial inverse lag mechanism to deal with the carryover effects of advertising. We also account for the impacts of features in newspaper fliers, in-store displays, and coupons. Advertising efforts by industry leaders in spaghetti sauce produce positive own-advertising elasticities (ranging from .000058 to .0168) and negative cross-advertising elasticities (ranging from -.000003 to -.0094). Own-price elasticities are in the elastic range, and nearly all compensated cross-price effects are positive, indicative of Hicksian substitutes.
Most studies that have investigated the impact of advertising (either generic or branded) on sales of products have relied on single-equation modeling approaches. However, results obtained using single-equation models may not satisfy integrability conditions, and therefore may not be consistent with demand theory. Further, Lee, Brown, and Fairchild concluded that failure to incorporate the impact of advertising on closely related goods can lead
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to unreliable estimates of advertising effects. To circumvent this shortcoming, one may incorporate advertising variables into demand systems. (Studies that have considered the demand systems approach include Green; Baye, Jansen, and Lee; Cox; Duffy; Brown and Lee; Goddard and Amuah; Green, Carman, and McManus; Brester and Schroeder; and Piggott et al.) With the systems approach, it is possible to determine the relative impacts of advertising, prices, and total expenditure (or income) on sales of products while accounting for cross-commodity price and advertising effects, With the availability of supermarket scanner data, consumer promotions have become a focal point in market response analysis (Guadagni and Little; Neslin, Henderson, and Quelch; Bawa and Shoemaker; Vanhonacker) . Market-level commercial scanner databasesNeilsen Scantrack or Information Resources, Inc. (IRI) Infoscan-are appropriate to ana-lyze both demand and strategic interactions. As noted by Cotterill, "The availability of these new commercial scanner data sources now allows significant advances in our understanding of food marketing because one can now estimate firm and brand level as well as market or commodity demand models" (p. 126) . Also, the use of regional or national data, rather than local data, allows a more comprehensive analysis of marketing questions.
In this light, using IRI Infoscan data, we attempt to measure the impacts of prices and advertising on the demand for spaghetti sauces among different brands of sauces. Attention is centered on six spaghetti sauces, in 15-to 40-ounce containers: Prego, Ragu, Classico, Hunt's, Newman's Own, and private label brands. The analysis examines the entire U.S. market using data collected by IRI from supermarkets on a weekly basis over the period of June 3, 1991 through May 31, 1992.
On the basis of this analysis, we extract own-price, cross-price, and total expenditure elasticities, as well as own-and cross-product advertising elasticities, for the six spaghetti sauces in the national market. To handle the advertising effects, we use the framework developed by Duffy for demand systems. However, we augment the Duffy model through the use of a polynomial inverse lag mechanism (Mitchell and Speaker) to deal with the carryover effects of advertising. The model of choice is the Rotterdam. This study makes a contribution by addressing the following areas of paucity within the literature: (a) little information currently exists pertaining to crossadvertising effects, particularly the branded variety; (b) only a few published studies have used IRI Infoscan data; (c) only a few published studies have employed the methodology developed by Duffy to consider advertising; and (d) no previous studies have considered a polynomial inverse lag within a demand system.
Model Development
Advertising effects have been incorporated into demand systems using the Almost Ideal Demand System (AIDS) (Green, Carman, and McManus; Piggott et al.) , the Rotterdam model (Cox; Duffy; Brown and Lee; Brester and Schroeder) , and the Translog model (Goddard and Amuah) . Several approaches commonly are used to augment these demand systems' specifications to include advertising effects. One may assume that advertising acts solely to shift the demand for the commodities in question. In essence, this hypothesis represents an additive augmentation or translation of the demand system. Alternatively, one may assume that advertising affects demand elasticities. In this case, advertising acts to adjust prices and total expenditure. Essentially, this hypothesis represents a multiplicative augmentation or scaling of the demand system. Brand advertising centers attention on attributes and images that can be associated with a specific brand. Thus, it is tied to brand loyalty and brand switching.
Three earlier studies (Goddard and Amuah; Piggott et al.; and Green) used translating to incorporate advertising expenditures in the Translog and AIDS models.~o analyses (Duffy; and Green, Carman, and McManus) considered scaling to incorporate advertising expenditures in the Rotterdam and AIDS models, respectively. In three other studies (Cox; Brown and Lee; and Brester and Schroeder) , both translating and scaling effects of advertising within a Rotterdam model were examined.
In our analysis, we augment the Duffy model (scaling hypothesis) through the use of a polynomial inverse lag mechanism. Following Duffy, we describe a version of the Rotterdam model which includes advertising as well as real income and prices among the right-hand side variables. The first-order condition for utility maximization implies equality between the marginal utility for the ith good (Eh.ddqi) and Ap,, where his the marginal utility of income and p, is the price of the ith good. Duffy assumes the following relationship for the change in marginal utility due to a change in the volume of advertising (A,) on a good i:
where Vi z O, and y, represents the elasticity of marginal utility with respect to advertising for the ith good.
Given (1) Empirical findings from previous studies support the hypothesis that advertising has carryover or lagged effects (e.g., Nerlove and Waugh; Waugh; Ward and Lambert; Ward and Dixon; Wohlgenant and Clary) . However, theory provides relatively little guidance as to the structure and length of these dynamic processes. Conventionally, researchers, through the use of statistical criteria like the Akaike Information Criterion (AIC) or the Schwarz Loss Criterion (SLC), allow the data to choose the optimal number of lags to include in the specification of an advertising stock variable. The coefficients associated with the contemporaneous and lagged advertising expenditures also are commonly assumed to be a free-form lag or to follow some type of distribution, e.g., a geometric decay or a polynomial (or Almon) distributed lag. To illustrate, Piggott et al. consider the advertising process to follow a freeform lag of four quarters. Cox, as well as Brester and Schroeder, use a second-order exponential lag distribution of a particular length. Baye, Jansen, and Lee employ a geometric lag.
In our analysis, we deviate from the norm through the use of a polynomial inverse lag (PIL) specification (Mitchell and Speaker where (4) wk,=~~i=() ,. ... m. ,=Z(i + 1)~'
The a~notation represents advertising expenditures in levels, and c, denotes parameters, wherej= 2, . . . ,m.
The PIL has a flexible shape, allowing both humped and monotonically declining lag weight distributions. The lag is similar in spirit to the Almon lag; however, it is an infinite lag and thus requires neither specification of a fixed lag length nor imposition of endpoint restrictions, The use of the PIL only involves a search for the polynomial degree j {j = 2, . . ., m}. Based on Monte Carlo work conducted by Mitchell and Speaker, the PIL outperforms several other popular distributed lag models.
Via algebraic manipulation, we may combine (3) and (4) as follows: ...
To use the PIL, one needs to generate the term in brackets in (6) for each of the {1 = 1, 2,
T} observations in the data set. Then, one needs to determine the optional choice of j (the degree of polynomial) using either the AIC or SLC.
In empirical application of the Rotterdarn model, log differentials are approximated by log differences. In particular, d log(A~,) = log(A~, /Ak,_,). The expression for Ak, is given by (5).
The Rotterdam model necessitates the use of restrictions so that the estimates of demand parameters conform to theory. The restrictions for the Rotterdam model are as follows: Operationally, when estimating demand systems, one equation must be omitted to avoid singularity of the variance-covariance matrix of disturbance terms. In this application, the omitted equation corresponds to Newman's Own spaghetti sauce. Through the restrictions in (7), the demand parameters associated with the omitted equation are subsequently recovered.
The total expenditure elasticities, as well as the own-and cross-price and advertising elasticities, are defined as follows:
Total Expenditure Elasticities:
Compensated Price Elasticities: Typically, the respective elasticities are calculated at the means of the data. That is, in (8), we replace w, with tit,. Weak separability of spaghetti sauces from all other commodity groups is assumed. As Pudney states, "Separability does not imply that between-group responses are necessarily small, only that they conform to a specific pattern" (p. 570). The bottom line is that, due to the assumption of weak separability, the relationships in the Rotterdam model are conditional demand equations.
Data
Our data set corresponds to weekly sales (in dollars) and movement (number of items sold) information collected by IRI over the period A total of 52 weekly observations thus are available in this analysis. In addition, data were collected on a weekly basis pertaining to the dollar outlays for television advertising contributed by manufacturers of Prego, Ragu, and Classico. Importantly, however, over this period, there were no expenditures for television advertising contributed by the manufacturers of Hunt's, Newman's Own, and private label spaghetti sauces. Also, IRI obtained weekly information on face value of coupons available to consumers for spaghetti sauces.
We augment the specification given in (2) by adding dummy variables to account for seasonality; we also add variables which correspond to the proportion of stores which use major or minor displays for spaghetti sauces and the proportion of stores which feature spaghetti sauces in newspaper fliers, and we take into account the weekly face value of coupons available to consumers for spaghetti sauces, Finally, to take into account possible habit/inventory effects, we add a lag of the dependent variable to each equation in the demand system. In this way, we provide for dynamics in our model specification.
The use of IRI data in market analyses is not unique to this study. Given that Newman's Own constitutes the least of the market shares, this equation was omitted to avoid the singularity of the variante-covariance matrix in the demand system. In this analysis, the qif variables correspond to the number of items of spaghetti sauce i sold per store in week t.Ragu, Prego, and Hunt's are the top spaghetti sauces in terms of item movement per store. Classico and Newman's Own sauces are the most expensive brands, while private label brands and Hunt's sauces are the least expensive.
A graphical representation of television ad- vertising expenditures is illustrated in figure 1 . On average, manufacturers of Prego and Classico spent close to $50,000 per week over the period June 3, 1991 through May 31, 1992. In contrast, the manufacturer of Ragu spent roughly $20,000 per week over this time period. Moreover, for Prego, Ragu, and Classico brands, there were some weeks for which there were no advertising expenditures. In fact, for Classico, there were only eight weeks of non-zero dollar expenditures for television advertising. Under these circumstances, we arbitrarily assigned a value of $1 in order to consider log transformations. There were no television advertising expenditures for Hunt's, Newman's Own, and private label brands at all over the sample period.
About 109ZO of the stores in the IRI sample had displays for Ragu and private label brands. Roughly 5-670 had displays for Hunt's and Prego. About 1290 of the supermarkets made use of featuring for Ragu; 6-8910 featured private label, Hunt's, and Prego brands in newspaper fliers. On average, the face value of coupons for Prego, Ragu, Classico, and Hunt's brands were 25@, 21@, 15@, and 1lc, respectively. No coupons were available for Newman's Own and private label brands over the June 1991 through May 1992 time period.
Estimation Issues
The set of conditional demand equations is a nonlinear system of seemingly unrelated regressions. In the Rotterdam model, we also allow for first-order autocorrelation of the disturbance terms [an AR (1) process] by assuming (9) u,, = pu,f_, + v,,,
where the v's are independently and normally distributed. Conventionally, in demand systems (as shown by Berndt and Savin) , the autocorrelation coefficient is the same across equations to ensure adding up. Piggot et al. relax the assumption of a common correlation coefficient in the estimation of the AIDS model. We, however, adopt the conventional approach to handling autocorrelation in our anal- 
Empirical Results
On the basis of the AIC and SLC, the degree of polynomial chosen in the PIL is 2, From (6), whenj = 2 (the degree of the polynomial), and using the approximation from the Rotterdam specification that d log(A,,) = log(A~, / A~,_ ,), estimating the coefficient Cz is not possible.
Parameter estimates and standard errors of the coefficients in the Rotterdam model are presented in table 3. Also, table 3 includes estimates of the marginal budget shares and advertising coefficients. To judge statistical significance, we use a significance level of 0.05.
Serial correlation is evident in this system of conditional demand functions. The estimate of p (-.9617) is statistically different from zero. Goodness-of-fit statistics are within the range of .7747 to .9282. All own-price Slutsky terms (IIiis) are negative and statistically significant; with one exception, all cross-price Slutsky terms (IIUS) are positive. Given the positive cross-price terms, the respective spaghetti sauces indeed are substitutes. The latent roots of the conditional Slutsky matrix are O, -.17, -. 19, -.28, -.50, and -.99, confirming that this matrix is negative semidefinite with rank 5, as required by consumer theory.
Featuring in newspaper fliers, ceteris paribus, leads to increases in the number of items sold of Ragu, Classico, and private label brands, but to decreases in the number of items sold of Prego and Hunt's brands. The use of displays in stores is successful in the promotion of Ragu and Classico spaghetti sauces, but not for private label brands. The use of displays is not statistically important in effecting the movement of Prego and Hunt's spaghetti sauces. The use of coupons increases the demand for Classico and Hunt's brands, but decreases the demand for Ragu and Prego brands. Seasonality of purchases is evident only for the Classico brand and private label brands. The coefficients associated with the lagged dependent variables in the system are all statistically significant. Positive coefficients are indicative of habit effects, while negative coefficients are indicative of inventory effects. Habit effects, possibly attributable to brand loyalty, are at work for the Prego and Hunt's brands. Inventory effects are at work for the Ragu, Classico, and private label brands. Finally, the positive and significant coefficients of the intercept terms for the Hunt's brand and the private label brands indicate the presence of an upward trend in purchases over the June 1991 through May 1992 time period. The remaining coefficients associated with the intercept terms for other brands are not significantly different from zero. Further, all marginal budget shares are positive and statistically significant, The marginal budget shares follow closely the market shares. The estimates of the advertising coefficients (~,s) are positive for the Ragu and Classico brands. However, the estimate of~, for Prego, while significantly different from zero, is negative. The estimates of y, are the squares of the estimates of~,. The yis represent the estimates of the advertising coefficients for Prego, Ragu, and Classico brands. The estimates of the yis range from .00002 to .0074.
Using the likelihood ratio test, we reject the hypothesis that the advertising coefficients are jointly equal (x2 = 99.58), and we reject the hypothesis that they are jointly equal to zero gate nature of the spaghetti sauce products as well as the weekly data information, this result is not surprising. Total expenditure elasticities range from .55 (Classico) to 1.20 (Hunt's).
Estimates of the compensated price elasticities also are given in table 4. Of particular interest are the sign and magnitude of the cross-price terms. With two exceptions, the compensated cross-price elasticities are positive, indicating that the spaghetti sauce brands are substitutes for each other.
Estimates of the own-and cross-advertising elasticities are presented in table 5. Conforming to theoretical expectations, own-advertising effects are positive, while cross-advertising effects are negative. A 1!?ZO increase in own-advertising expenditures gives rise to a .0179'0 increase in the number of Prego items sold per store, and a .00890 increase in the number of Ragu items sold per store. A 1% increase in advertising expenditures for Prego gives rise to a .006~0, .0039Z0,.010%, .009Y0, and .007% decrease in the respective number of competing spaghetti sauces sold per store. A similar result is evident for the case of Ragu. The advertising cross-elasticity effects are smaller than the own-advertising elasticity effects. The own-and cross-advertising effects for Classico are almost inconsequential.
Concluding Comments
Our findings support those of Duffy, who reported:
"The advertising-augmented Rotterdam model constitutes a useful and appropriate specification for estimating the influence of advertising on the inter-product distribution of demand" (pp. 1065-66) . Also, the PIL specification appears to perform well. With few exceptions, all compensated cross-price elasticities are positive, indicative that the respective spaghetti sauces are substitutes in the Hicksian sense. Advertising efforts by industry leaders produce positive own-advertising elasticities and negative cross-advertising elasticities. Then, for manufacturers of Classico, Hunt's, Newman's Own, and private label brands, it is not advisable to ignore advertising efforts of Prego and Ragu. Likewise for manufacturers of Prego, it is not advisable to ignore the advertising efforts of Ragu and vice versa. Commonly, however, cross-advertising effects are omitted from single-equation specifications. On this basis, then, the systems approach may be more useful than the singleequation approach.
The use of featuring in newspaper fliers is effective in promotion of Ragu, Classico, and private label brands, but not so for Prego and Hunt's brands. The use of displays in stores is successful in the promotion of Ragu and Classico spaghetti sauces. Use of coupons works well to stimulate purchases of Classico and Hunt's brands, but not Prego and Ragu brands.
Further work in regard to the different ways to incorporate current and lagged values of advertising in demand systems seems appropriate. In this analysis, we used a PIL of advertising expenditures to capture current and lagged effects. Alternatively, a free-form lag or perhaps another distributional assumption might be employed. To check on the robustness of our results, alternative functional forms might be used, such as the AIDS model (similar to the work by Green, Carman, and McManus) . Finally, one might consider the translating hypothesis in lieu of the scaling hypothesis to investigate the effects of advertising. Additional research efforts with microlevel data, such as IRI Infoscan data, are likely to lead to a better understanding of the impacts of branded advertising.
